Broadband Slow-Wave Phase Sifters Based on Thin Ferroelectric Films for Reflectarray 

Antennas 

R. R. Romanofsky 
NASA Glenn Research Center 

We have developed relatively broadband K- and Ka-band phase shifters using synthetic 
(slow-wave) transmission lines employing coupled microstripline “varactors”. The 
tunable coupled microstripline circuits are based on laser ablated BaSrTiO films on 
lanthanum aluminate substrates. A model and design criteria for these novel circuits will 
be presented, along with measured performance including anomalous phase delay 
characteristics. The critical role of phase shifter loss and transient response in reflectarray 
antennas will be emphasized. 
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SQR of Number of Radiating Elements 


SQR of Number of Radiating Elements 


Calculated ferroelectric reflectarray and direct Calculated EIRP and Power Consumption for a 

radiating MMIC phased array Antenna Gain as a Ferroelectric reflectarray and a direct radiating MMIC 

function of the square root of the number of phased array as a function of the square root of the number 

radiating elements. of radiating elements. 


Reflectarray Assumptions: 10 W, 40% efficient TWT, 4 dB loss phase shifters, 41 mW per channel controller power consumption 
Direct Radiating MMIC Array Assumptions: 100 mW, 15 % efficient amplifiers, 85 % efficient power supply 
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Name: BZ 

Simulated curve with antenna 
theta=phl~0, without phase error 


: Name: B3 

Simulated curve with antenna 
the Ja-phi-Q, with phase error 


BPSK Modulation 


Name: B1 "\\ 

Calculated curve with antenna \ 
theta=ph!=0,without phase sirrah 
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Effect of Phase Shifter Behavio 


Nam©: C2 

Simulated curve with antenna Name: Cl 

theta=45 degrae > plll=22.4 degree Calculated curve with antenna : 
without phase error theta=45 degree, phi=22~4 degree 

\ : without phase error 


> Name: C3 
Simulated curve with antenna 
theta-45 degre©,phi=22.4 degree 
with : phase: .error : i : • ; : ; : : 


Marne: A2 

Simulated curve without antenna 


Rfo— 1 „325Gbps 
Rs«1 .32SGsps 


Name: A1 

Calculated curve without antenna 


Eb/No (dB) 


BER Curves of BPSK 







Bias Voltag: (V) 


B-B 8,0 GHz OPEN 
H-B 8.4 GHz OPEN 
BBC 8.8 GHz OPEN 
->■ 8.0 GHz SHORT 
8.4 GHz SHORT 
--*• 8.8 GHz SHORT 


Average Loss @ 
B.O GHz = 1.9 dB 
B.4 GHz = 2.3 dB 
B.B GHz = 2.8 dB 
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Photograph of prototype X-band phase shifter 
with 4 coupled microstripline sections and Si diode 
switch, which produced »310° of phase shift with 2, 
dB insertion loss. 
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